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(57) [Abstract] 



[Objective] A rectangular battery of high reliability in which the operating 
pressure of the thin breakage safety valve is precisely controlled. 
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[Structure] In the rectangular battery, the electrode assembly is housed in 
the packing canister 2 and the opening is sealed by a sealing plate. A portion of 
the packing canister 2 is processed to a thin state and the thin breakage safety 
valve 1 that is broken down by internal pressure is installed. The packing 
canister is rectangular and the thin breakage safety valve 1 is intalled in a part of 
the corner at a place other than where the sealing plate of the packing canister 2 
is installed. 

[Effect] Because the thin breakage safety valve is installed in a corner of 
the packing canister, breakage occurs at a precise operating pressure. The thin 
breakage safety valve, which is installed in the corner edge, is not the cause of 
deformation such as swelling of the rectangular battery even when internal 
pressure rises. 




[keyed top to bottom]: 



2 - packing canister 



1 - thin breakage safety valve 



[Claim] 

A rectangular battery that has a safety valve, which is characterized 
in that it is a rectangular battery in which an electrode assembly having an 
anode and a cathode are housed in the packing canister (2), in which the 
opening window of the packing canister (2) is sealed by the sealing plate (3), in 
which a part of the packing canister (2) is processed to a thin state and in which 
is installed the thin breakage safety valve (1) that breaks under internal pressure, 
[and] 

in that the packing canister (2) is rectangular and in that the thin breakage 
safety valve (1) is installed in a part of the corner other than the place where the 
sealing plate is installed. 

[Brief Explanation of the Figures] 

[Figure 1] This is an oblique view of a battery that has a conventional thin 
breakage safety valve. 

[Figure 2] This is a cross-sectional view of the sealing plate that is used in 
the batteries of Example A and Comparative Examples B and D. 

[Figure 3] This is a cross-sectional view that shows the battery of the 
packing canister that is important in Example A. 

[Figure 4] This is a frontal view of the battery of Example A. 

[Figure 5] This is a cross-sectional view of the sealing plate that is used in 
the battery of Comparative Example C. 

[Figure 6] This is a frontal view of the battery of Comparative Example D. 

[Explanation of Symbols] 



1 — thin breakage safety valve 

2 — packing canister 

3 — sealing plate 

4 — insulating material 

5 — terminal 

6 — sealing element 

7 — valve cap; 7A - metal plate; 7B - metal plate 

8 — rubber valve 

9 — gas outlet 
10— valve opening 



Fig. 1 Fig. 2 Fig. 3 




Fig. 5 Fig. 6 



3 - sealing plate 

2 - packing canister 

1 - thin breakage safety valve 



[Detailed Description of the Device] 
[0001] 

[Field of Industrial Use] 

This device relates to rectangular batteries, to which attention has been 
drawn as power sources of electronic devices, and, in particular, it relates to a 
rectangular battery that has a safety valve that releases gas to the exterior when 
there is an abnormal increase of pressure inside the battery. 

[0002] 

[Prior Art] 

Sealed batteries are equipped with safety valves for the purpose of 
preventing abnormal elevations of pressure. When the internal pressure rises, 
the safety valve opens in order to prevent an explosion of the battery. Nickel- 
cadmium batteries, which are widely used at present, are provided with a 
reverse-type safety valve that makes use of the elasticity of rubber. Rectangular 
nickel-cadmium batteries, which are called rubber batteries, have limited design 
possibilities because the width of the safety valve housing site is narrow. 
Moreover, they are also readily subject to the effects of heat when the sealing 
element is welded so that it is difficult to design a valve with which a reliable 
safety function can be obtained. 

[0003] 

Further, it is difficult to install a safety valve that operates stably in lithium 
batteries, in which organic solvents are used. This is because of the difficulty in 
selecting a rubber that is resistant to the electrolytic solution that is used in 



lithium batteries. There is the possibility that the rubber of safety valves or 
lithium batteries will deteriorate when it is used for long periods and that leakage 
of fluid will occur. 
[0004] 

A battery having a safety valve whereby these drawbacks are eliminated 
is described in U.S. Patent No. 4,175,166. In the battery that is described in this 
patent, as depicted in Figure 1 , the thin breakage safety valve 1 is installed in the 
packing canister 2 of a cylindrical battery that is sealed by a hermetic seal. The 
thin breakage safety valve 1 has a structure in which a part of the packing 
canister 2 is made thin so that the thin part breaks when the internal pressure 
rises. 

[0005] 

[Problems the Device Is Intended to Solve] 

A battery of this structure has the advantage that leakage of fluid due to 
deterioration of rubber can be eliminated. However, precise control of the 
operating pressure of the valve is difficult in a battery of this structure and there is 
the danger that the internal pressure of the battery will rise. The reasons for this 
are that it is difficult to set a fixed rupture pressure for thin breakage safety valves 
that are installed in circular packing canisters and that reliability is lost. 

[0006] 

This device was developed for the purpose of eliminating these 
drawbacks. Therefore, the major object of this design is to provide a rectangular 
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i battery in which the operating pressure of the thin breakage safety valve is 

precisely controlled and which battery has a safety valve of high reliability. 
[0007] 

[Means for Solving the Problems] 

The battery of this design is provided with the structure described below 
for the purpose of achieving the aforementioned objectives. This device is an 
improved battery in which an electrode assembly having an anode and a cathode 
are housed in the packing canister 2, the opening of the packing canister 2 is 
sealed by a sealing plate, and, further, in which a part of the packing canister 2 is 
made in a thin state and in which is installed a thin breakage safety valve 1 that 
is ruptured by internal pressure. The rectangular battery of this device is 
characterized in that the packing canister is made in a rectangular shape and in 
that the thin breakage safety valve 1 is installed in a part of the corner edge other 
than the sealing part of the packing canister 2 so that it breaks at a precise 
operating pressure. 

[0008] 

[Action] 

Just as is the case with conventional batteries, a thin breakage safety 
valve obtained by making a part of the packing canister thin is installed in the 
rectangular battery of this device. When the internal pressure of the battery 
rises, the thin breakage safety valve 1 is ruptured and gas is discharged. Precise 
operation of rectangular batteries is difficult even when a thin breakage safety 
valve is installed in a planar part of the packing canister. The reason for this is 
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that it is difficult for a thin breakage safety valve that is installed in a planar part to 
rupture just as in the case of a thin breakage safety valve that is installed in a 
cylindrical battery. With a thin breakage safety valve that does not rupture 
precisely, the internal pressure of the battery can rise abnormally. Further, with a 
thin breakage safety valve established so that a portion of the planar part is 
made thinner than the other parts, there are the drawbacks that deformation 
easily occurs in its vicinity and that the packing canister swells when the internal 
pressure of the battery is comparatively low. 
[0009] 

For the purpose of eliminating these drawbacks, the thin breakage safety 
valve 1 is installed at the corner edge of the packing canister 2 of the rectangular 
battery of this device. The thin breakage safety valve in this region ruptures at a 
precise operating pressure. The reason for this is that a part of the thin breakage 
safety valve bends when the internal pressure of the battery rises. Bending of 
the corner edge of the rectangular packing canister by internal pressure causes 
the thin breakage safety valve to rupture precisely. The internal pressure that 
acts on the inside face of the rectangular packing canister makes the packing 
canister act cylindrically. For this reason, the corner edge of the packing 
canister, which is bent at a right angle, bends so that it is in a planar state. 
Consequently, the thin breakage safety valve that is installed in the corner edge 
of the rectangular packing canister is bent by the internal pressure and is easily 
ruptured. An extremely weak force is required for pulling and breaking the metal 
plate. Making effective use of this same phenomenon, the thin breakage safety 
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valve that is installed at the corner edge is broken at a fixed pressure. This 
breaking phenomenon does not occur, even when internal pressure rises with a 
thin breakage safety valve that is installed in a cylindrical packing canister or a 
planar part of a packing canister. Instead, a portion of the thin breakage safety 
valve is bent by the internal pressure and breakage does not readily occur. 
[0010] 

It is not necessary to establish a planar part in the rectangular packing 
canister 2 having the thin breakage safety valve 1 established at the corner edge. 
For this reason, the strength of the planar part can be prevented from decreasing 
due to the thin breakage safety valve and the swelling of the battery canister can 
be controlled when the internal pressure of the battery is comparatively low. A 
thin breakage safety valve that is established at the corner edge of the packing 
canister can be formed by press processing. However, a precise control of the 
thickness can be better achieved by forming it by cutting or grinding processing. 
The processed part of the thin breakage safety valve that is produced by cutting 
and grinding is hard and brittle. Therefore, a more stable valve operating 
pressure can be achieved. 

[0011] 

An elevation of the internal pressure can be detected sensitively by 
installing the thin breakage safety valve in the edge of the corner that forms the 
largest face of rectangular batteries of different rectangular shapes of which the 
ratios of the areas of the five faces that form the packing canister are markedly 
different. 



[0012] 
[Examples] 

We shall now describe examples of this device on the basis of the figures. 
The batteries that are shown below are examples that illustrate rectangular 
batteries for the purpose of specifying the technological concept of this design. 
However, the materials, shape, structure and arrangement of the structural 
components of the rectangular batteries of this design are not specified by what 
is described below. The rectangular battery of this design can be modified in 
various ways within the range of the registered claims. 

[0013] 

In order to facilitate understanding the scope of the registered claims, in 
this specification, the numbers corresponding to the components shown in the 
examples are recorded as components indicated in the "Registered Claims 
column," the "Action column" and the "Means for Solving the Problems column." 
However, the components indicated in the registered claims are not specified by 
the components in the examples. 

[0014] 

[Example A] 

An electrode assembly and an electrolytic solution were introduced into 
the packing canister of a rectangular lithium battery of a rectangular shape and 
the opening was hermetically sealed by the sealing plate 3 as shown in Figure 2. 
The packing canister was made by press processing of an SUS304 stainless 
steel plate to mold it into a rectangular shape having external dimensions of 40 
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mm * 16 mm * 8 mm. The thickness of the packing canister was 0^ mm. As 
shown in Figure 3 and Figure 4, the thin breakage safety valve 1 of a length of 40 
mm was established on the corner edge. The thin breakage safety valve was 
formed by grinding the thickness of the packing canister from 0.1 mm up to 30 
mm from the bottom. The thin breakage safety valve that has been ground and 
installed at the edge of the packing canister 2 was made to a hardness of Hv = 
320. 

[0015] 

The electrode assembly (not shown in the figure) consisted of a 
manganese dioxide compound for the cathode and lithium metal for the anode. 
An organic electrolytic solution was used in the electrode assembly. After the 
electrode assembly and the electrolytic solution were introduced into the packing 
canister, a sealing plate not having a valve structure was laser-bonded to the 
open edge of the packing canister, with the packing canister being hermetically 
sealed. 

[0016] 

The sealing plate 3, as shown in Figure 2, is affixed through the agency of 
the insulating components 4, with the terminal 5 passing through its center. 
[0017] 

[Comparative Example B] 

A rectangular battery designated as Comparison Battery B was trial 
manufactured in the same way as in Example A as a comparative example of the 



rectangular battery of Example A except that a thin breakage safety valve was 
not established in the packing canister. 
[0018] 

Comparative Example C 

A rectangular battery designated as Comparison Battery C was trial- 
manufactured in the same way as in Example A except that the sealing element 
6, which had a rubber reverse-type valve structure of the structure shown in 
Figure 5 was used and that a thin breakage safety valve was not installed in the 
packing canister. In the sealing element 6 shown in Figure 5, the valve cap 7 
was affixed to the center of the sealing plate 3 through the agency of the 
insulating component 4 and the rubber valve 8 is housed in the valve cap 7. The 
valve cap 7 hermetically connects the circumferential edges of the metal plates 
7A and 7B. The upper metal plate 7A in the figure is press-molded to a shape 
such that its center projects upwards and a gap which houses the rubber valve 8 
is housed inside it. The gas outlet hole 9 opens up in a convex pattern in the 
upper metal plate 7A. The valve hole 10 that is blocked by the rubber valve 8 
opens up in the metal plate 7B. With a sealing element of this structure, when 
the internal pressure of the battery rises, the rubber valve 8 undergoes 
deformation and gas is discharged from the valve hole 10 through the gas outlet 
9. 

[0019] 

[Comparative Example D] 
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As shown in Figure 6, the comparative battery D was trial-manufactured in 
the same way as Example A except that the thin breakage safety valve 
(thickness, 0.1 mm) of a length of 30 mm was installed in a diagonal line pattern 
on a planar surface of 40 mm * 16 mm of the packing canister and that the 
sealing element not having a valve structure as shown in Figure 2 was used. 

[0020] 

Ten each of the rectangular batteries of Example A and Comparative 
Examples B, C and D were trial-manufactured and changes relating to the 
occurrence of leaking of electrolytic solution and change in thickness (8 mm 
direction) when storage tests were performed at 80°C were determined. 

[0021] 

As shown in the following table, the rectangular batteries of Example A of 
this design did not exhibit any leaking of electrolytic solution even after the 
elapse of 40 days, and, moreover, the change in thickness was 0. Seven of the 
rectangular batteries of Comparative Example C, which had a rubber reverse- 
valve structure, developed fluid leakage after the elapse of 40 days, Further, 
there was swelling of portions of the thin breakage safety valves of the 
rectangular batteries of Comparative Example D, in which a thin breakage safety 
valve was established in the planar surface part, and, after 40 days, the 
thickness increased to 1.3 mm. 

[0022] 
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[Table 1] 



Battery 


After 10 days 


After 20 days 


After 30 days 


After 40 days 


Leaks 


Change 
in 

thickness 
(mm) 


Leaks 


Change 
in 

thickness 
(mm) 


Leaks 


Change in 

thickness 

(mm) 


Leaks 


Change in 

thickness 

(mm) 


Example A 


0/10 


0 


0/10 


0 


0/10 


0 


0/10 


0 


Comparative 
Example B 


0/10 


0 


0/10 


0 


0/10 


0 


0/10 


0 


Comparative 
Example C 


0/10 


0 


2/10 


0 


4/10 


0 


7/10 


0 


Comparative 
Example D 


0/10 


0.2 


0/10 


0.5 


0/10 


1.0 


0/10 


1.3 



[0023] 

Further, in order to determine the operating pressures of the safety valves, 
batteries were assembled in which an electrode assembly was not installed in the 
packing canister. They were designated respectively as Example A' and 
Comparative Examples B', C and D' and the pressures at which the safety 
valves operated were determined. The results are shown in Table 2 below. 

[0024] 

As shown in the table, the rectangular battery of this design designated as 
Example A' had the advantage that the valve opening operating pressure of the 
thin breakage safety valve could be determined extremely precisely as 30 to 37 
kg/cm 2 , specifically, as 33.5 ± 3.5 kg/cm 2 . By contrast, the operating pressure of 
the battery without a thin breakage safety valve designated as Comparative 
Example B' was high, 62 to 105 kg/cm 2 , and, specifically, 83.5 ± 21.5 kg/cm 2 . 
Moreover, these findings were not precise. In addition, the operating pressure of 
the thin breakage safety valve of the battery designated as Comparative 
Example D' in which the thin breakage safety valve was established on the 



planar surface of the packing canister was 33.5 ± 10.5 kg/cm 2 and was not 
precise. In Comparison Battery C\ which had a sealing element having a rubber 
reverse-valve structure, the safety valve could operate at a precision matching 
that of the batteries of this design. However, as shown in Table 1 , there was the 
drawback that the electrolytic solution leaked. 
[0025] 



[Table 2] 



Rectangular battery 


Operating pressure 
(kg/cm 2 ) 


Remarks 


Example A" 


30 to 37 (33.5 + 8.5) 




Comparative Example 
B' 


62 to 105 (83.5 ±21.5) 


Rupture of bonded 
component 


Comparative Example 
C 


28 to 35 (31.5 ±3.6) 




Comparative Example 
D' 


23 to 44 (33.5 ±10.5) 





[0026] 

In the foregoing example, the rectangular batteries were made as lithium 
batteries. There is no specification that the rectangular batteries of this design 
have to be lithium batteries. The operating pressure of the safety valve can be 
precisely controlled even when used in rectangular batteries other than lithium 
batteries. 

[0027] 

By adjusting the hardness of the component in which the thin breakage 
safety valve is installed in addition to the thickness of the thin breakage safety 
valve itself, safety valves of the rectangular batteries of this design can be 
operated even more stably. The hardness of the thin breakage safety valve can 
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be adjusted by grinding the packing canister. When the hardness of the thin 
breakage safety valve is increased, it becomes brittle and is more easily 
ruptured, with operating pressure being lowered. 
[0028] 

[Effect of the Device] 

The rectangular batteries of this design have the advantage that the 
operating pressure of the safety valve is precisely controlled by specifying the 
position on the corner edge of the packing canister in which the thin breakage 
safety valve is established. This is because the thin part of a thin breakage 
safety valve that is established at a corner edge, in addition to being pushed 
outward by internal pressure, is acted on by the bending force of the internal 
pressure that deforms it to a planar surface shape, with rupture occurring. 
Moreover, the thin breakage safety valve of the rectangular battery of this 
invention is established in the corner edge of the packing canister and it is not 
necessary to establish it in a planar surface part. For this reason, the thin 
breakage safety valve does not decrease the strength of the planar surface part 
and swelling of the planar surface part by internal pressure can be decreased. 
Thus, the rectangular batteries of this design do not use components such as 
rubber that easily deteriorate, stable valve operation can be carried out, swelling 
of the battery can be prevented, and reliability and safety can be increased. 
Thus, they are of extremely great industrial value. 
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A Rectangular Battery Equipped with a Safety Valve 



[Objective] A rectangular battery of high reliability in which the operating 
pressure of the thin breakage safety valve is precisely controlled. 

[Structure] In the rectangular battery, the electrode assembly is housed in 
the packing canister 2 and the opening is sealed by a sealing plate. A portion of 
the packing canister 2 is processed to a thin state and the thin breakage safety 
valve 1 that is broken down by internal pressure is installed. The packing 



1 



canister is rectangular and the thin breakage safety valve 1 is intalled in a part of 
the corner at a place other than where the sealing plate of the packing canister 2 
is installed. 

[Effect] Because the thin breakage safety valve is installed in a corner of 
the packing canister, breakage occurs at a precise operating pressure. The thin 
breakage safety valve, which is installed in [illegible], is not the cause of 
deformation such as swelling of the rectangular battery even when internal 
pressure rises. 




[keyed top to bottom]: 

2 - packing canister 

1 - thin breakage safety valve 



[Claim] 

A rectangular battery that has a safety valve, which is characterized 
in that it is a rectangular battery in which an electrode assembly having an 
anode and a cathode are housed in the packing canister (2), in which the 
opening window of the packing canister (2) is sealed by the sealing plate (3), in 
which a part of the packing canister (2) is processed to a thin state and in which 
is installed the thin breakage safety valve (1) that breaks under internal pressure, 
- [and] 

in that the packing canister (2) is rectangular and in that the thin breakage 
safety valve (1) is installed in a part of the cornerother than the place where the 
sealing plate is installed. 

[Brief Explanation of the Figures] 

[Figure 1] This is an oblique view of a battery that has a conventional thin 
breakage safety valve. 

[Figure 2] This is a cross-sectional view of the sealing plate that is used in 
the batteries of Example A and Comparative Examples B and D. 

[Figure 3] This is a cross-sectional view that shows the battery of the 
packing canister that is important in Example A. 

[Figure 4] This is a frontal view of the battery of Example A. 

[Figure 5] This is a cross-sectional view of the sealing plate that is used in 
the battery of Comparative Example C. 

[Figure 6] This is a frontal view of the battery of Comparative Example D. 



[Explanation of Symbols] 



1 — 


thin breakage safety valve 


2 


packing canister 


3 — 


sealing plate 


4 


insulating material 


5 


[illegible] 


6 


sealing element 


7 


valve cap; 7A - metal plate; 7B - metal plate 


8 


valve rubber 


9 


gas [illegible] / \ 


10 — 


valve opening \_ ^ 




K> 



3 - sealing plate 
2 - packing canister 



1 - thin breakage safety valve 
*Number is somewhat illegible — Trans. Note. 



